Background: The harmonisation of food composition databases (FCDB) has been a recognised need among users, producers and stakeholders of food composition data (FCD). To reach harmonisation of FCDBs among the national compiler partners, the European Food Information Resource (EuroFIR) Network of Excellence set up a series of guidelines and quality requirements, together with recommendations to implement quality management systems (QMS) in FCDBs. The Portuguese National Institute of Health (INSA) is the national FCDB compiler in Portugal and is also a EuroFIR partner. INSA's QMS complies with ISO/IEC (International Organization for Standardisation/International Electrotechnical Commission) 17025 requirements. The purpose of this work is to report on the strategy used and progress made for extending INSA's QMS to the Portuguese FCDB in alignment with EuroFIR guidelines. Subjects/methods: A stepwise approach was used to extend INSA's QMS to the Portuguese FCDB. The approach included selection of reference standards and guides and the collection of relevant quality documents directly or indirectly related to the compilation process; selection of the adequate quality requirements; assessment of adequacy and level of requirement implementation in the current INSA's QMS; implementation of the selected requirements; and EuroFIR's preassessment 'pilot' auditing. Results: The strategy used to design and implement the extension of INSA's QMS to the Portuguese FCDB is reported in this paper. The QMS elements have been established by consensus. ISO/IEC 17025 management requirements (except 4.5) and 5.2 technical requirements, as well as all EuroFIR requirements (including technical guidelines, FCD compilation flowchart and standard operating procedures), have been selected for implementation. The results indicate that the quality management requirements of ISO/IEC 17025 in place in INSA fit the needs for document control, audits, contract review, non-conformity work and corrective actions, and users' (customers') comments, complaints and satisfaction, with minor adaptation. Implementation of the FCDB QMS proved to be a way of reducing the subjectivity of the compilation process and fully documenting it, and also facilitates training of new compilers. Furthermore, it has strengthened cooperation and trust among FCDB actors, as all of them were called to be involved in the process. Conclusions: On the basis of our practical results, we can conclude that ISO/IEC 17025 management requirements are an adequate reference for the implementation of INSA's FCDB QMS with the advantages of being well known to all members of staff and also being a common quality language among laboratories producing FCD. Combining quality systems and food composition activities endows the FCDB compilation process with flexibility, consistency and transparency, and facilitates its monitoring and assessment, providing the basis for strengthening confidence among users, data producers and compilers.
Introduction
Food composition data (FCD) are important to food manufacturers, food retailers, governmental agencies, health professionals and consumers. A good knowledge about the chemical composition of foods is essential for nutrition, health, agriculture and epidemiological research studies, as well as for technological development, food labelling and food policies (Rand et al., 1991) . Currently, these data are not always available for multicentre studies because of incompleteness, incompatibility or inaccessibility. Considering that data on the composition of foods are essential for nutrition and health research and education, product development, trade of foods and food products between and within countries, and the development of nutrition and agricultural policies by government agencies, FCD have been compiled into many databases throughout the world. More and more users consult food composition databases (FCDBs) and the number of compilers of food data is increasing. Therefore, it is necessary that guidelines on description, sampling, analysis, compilation, validation and documentation are available to ensure data quality and harmonisation of FCDBs.
The importance of harmonisation of FCDBs has been a matter of interest among users, producers and stakeholders. Professor Clive West and Professor David Southgate were the pioneers in Europe to highlight the significance of harmonisation of FCDBs in the setting up of European health policies. Collaboration between several national and international organisations (such as the European Commission and the Food and Agriculture Organization of the United Nations) resulted in funded projects such as EUROFOODSEnfant Concerted Action Project, COST Action 99 and EPIC (European Prospective Investigation into Cancer and Nutrition), which were the basis of efforts to increase the comparability of nutrient values available in national databases. The outcome of these projects was fundamental and could be used by each compiler to develop and maintain their own FCDB. On the basis of the information delivered by the different projects, the European Food Information Resource (EuroFIR) Network of Excellence has started to implement the standardisation of FCDBs at the panEuropean level. One of the objectives of the EuroFIR project was the introduction of a quality framework to ensure the quality of FCDBs.
To guarantee basic data quality both within each FCDB and within the EuroFIR Databank System, the use of quality management systems (QMS) has been recommended. The introduction of a QMS as a validation tool for FCDBs has at its origins the successful application of QMSs in most areas of the food sciences and food industry. A series of EuroFIR guidelines and quality requirements have been established during the development of the EuroFIR Network platform, resulting in the description of a generic FCD compilation flowchart. This flowchart details the different steps of the compilation process and indicates the critical control point and standard operating procedures that are required (Westenbrink et al., 2009) .
To guarantee good collaboration between both structures (partner organisations with existing QMSs and the EuroFIR network), it was decided among partners that each compiler organisation should design its own system in compliance with EuroFIR guidelines.
The 
Subjects/methods
A stepwise approach was used to extend INSA's QMS to the Portuguese FCDB and included selection of reference standards and guides, and collection of relevant quality documents directly or indirectly related to the compilation process (EuroFIR, ISO, European Committee for Standardization, INSA); selection of adequate quality requirements; assessment of adequacy and level of requirement implementation in INSA's current QMS; implementation of the selected requirements; and EuroFIR's preassessment 'pilot' auditing. Brainstorm meetings among compilation and quality team members were used as a tool for reaching decisions and developing quality documents.
Results and discussion
The definition of 'quality' as the ability to meet clients' implicit or explicit needs and requirements was adopted and this concept was kept in mind during the whole process of defining and implementing the QMS.
Consideration was given to the nature of the Portuguese FCDB clients and also to the national compiler suppliers. FCDB clients were identified as being the buyers/users of the current and future Portuguese FCT, the requesters of specific FCDBs and the users of future online FCT. FCDB suppliers were identified as being contracted laboratories, data owners, sampling teams, software producers and printing companies.
Selection of reference standards and guides, and collection of relevant quality documents ISO/IEC 17025 was selected as a reference standard for management requirements to optimise the use of existing resources and fulfil both EuroFIR and compiler organisation requirements. For technical requirements, EuroFIR guidelines were selected as reference documents, including compilation process and generic flowchart, technical guidelines and standard operating procedures, complemented by the 5.2 point of ISO/IEC 17025 regarding personnel.
Relevant quality documents were collected mainly by searching EuroFIR's website and INSA's QMS external documents. The document references were recorded in a template that relates external documents to the specific requirements of FCDB QMS reference 'standards'. For example, the document 'Guidelines for quality index attribution to original data from scientific literature or reports for EuroFIR data interchange' (Oseredczuk et al., 2007) was related to
Step 5 of EuroFIR's generic FCD compilation flowchart (Westenbrink et al., 2009 ). This practice enables, at any time, a general overview of all external documents related to each QMS requirement.
Selection of adequate requirements
Several brainstorm meetings were conducted among DAN compilation and quality team members until an agreement was reached by consensus on which quality requirements from the previously selected references should be implemented. The following ISO/IEC 17025 management requirements were found to be adequate and needed for the FCDB QMS: organisation (4.1), management system (4.2), document control (4.3), review of requests, tenders and contracts (4.4), purchasing services and supplies (4.6), service to the customer (4.7), complaints (4.8), control of non-conforming work (4.9), improvement (4.10), corrective action (4.11), preventive action (4.12), control of records (4.13), internal audits (4.14) and management reviews (4.15). Regarding technical issues, it was decided to adopt all EuroFIR requirements related to all of the steps of EuroFIR's generic FCD compilation flowchart, as well as to comply fully with the 5.2 requirement of ISO/IEC 17025 concerning personnel. The requirement on subcontracting of tests and calibrations (4.5) was not included as INSA's FCDB compilation activity contracts all the analytical work either internally or to external laboratories.
Assessment of requirements implementation
The next step was to evaluate the extent of compliance of INSA's preexisting QMS with the quality requirements for the FCDB established in the previous step. A comprehensive internal audit was conducted for this assessment, supported by an audit checklist developed specifically for this purpose. The audit checklist was built on INSA's preexisting ISO/IEC 17025 checklist, by adapting the wording to the FCDB compilation work, and including all the requirements of EuroFIR quality guidelines. The internal audit report identified the need to revise INSA's quality documents to include the compilation activity, including the quality manual and the general procedures 'review of requests, tenders and contracts', 'purchasing services and supplies and suppliers evaluation' and 'control of non-conforming work, corrective, preventive and improvement actions'.
Implementation of the established quality requirements
The qualifications of the compilation staff is a major determinant of FCDB quality; therefore, the following elements were implemented for each person in the team as required by ISO/IEC 17025 (5.2): curriculum vitae, ethical declaration, minimum job competence and expertise requirements, competence and responsibility map, identification of training needs, definition and implementation of a training programme, and the consequent training records, including efficacy evaluation. Further, personnel and signature lists were implemented to allow the identification of the author of the records. All the training previously attended by the compilation team was registered.
The main EuroFIR prerequisite for the establishment of a QMS for FCDBs is a complete overview of the compilation process as practised by compilers. To act in accordance with EuroFIR data quality recommendations, INSA designed a fit for purpose QMS for the FCDB compilation process covering all the requirements of EuroFIR guidelines, comprising a specific procedure (FCD compilation process) and complemented by working instructions and templates in Portuguese and English languages to facilitate the exchange of knowledge. This specific procedure defines the major steps of the compilation process and emphasises their logical order by means of a flowchart (Westenbrink et al., 2009) and is applicable to both new data production and data updating. Working instructions were elaborated for each major compilation step, detailing how to perform it, and including measures to prevent and correct hazards and control critical points. Templates were designed to record all the actions, allowing traceability and retrieval of information. So far, three working instructions and eight templates have been produced. The working instructions include 'collection and/ or production of FCD for FCDB', 'selection of relevant foods and components in data sources' and 'quality index attribution to FCDB original data'. The templates comprise 'FCDB audit checklist', 'quality matrix of the FCDB compilation process', 'FCDB updating priorities', 'data collection for FCDB', 'data production for FCDB', 'selection of relevant data in data sources', 'control of quality index attribution to FCDB original data' and 'quality index attribution to FCDB original data-QE scirep (QEscirep stands for Quality Evaluation of scientific reports)'. The template 'questionnaire for evaluating users' needs and satisfaction' is under development by the Users Working Group of PortFIR's Food Composition Network.
Taking as example the working instruction 'Collection and/or production of FCD for FCDB', it describes step 2 of INSA's compilation flowchart, with detailed instructions for conducting the systematic bibliographic search and for producing analytical or calculated data, including laboratory and sampling requirements and also original data storage. Therefore, INSA's compilation flowchart merged, in its step 2, both step 2 and step 11 of EuroFIR's generic compilation flowchart, taking into account all related hazards referred to by EuroFIR (Westenbrink et al., 2009) .
The compilation process steps from step 6 'coding of original data before data entry (food; nutrients; background information)' onwards (Westenbrink et al., 2009) are highly dependent on the food composition database management system (FCDBMS) used. INSA will use the FoodCASE software currently being developed by the Swiss Federal Institute of Technology (ETH) Zurich. The requirement specification of this FCDBMS was carried out in collaboration with different national FCD compilers. Furthermore, it has been developed using EuroFIR standard definitions and recommendations and designed in such a flexible way that user-specific customisation (for example, at a national level) is possible.
The experience of implementing the FCDB QMS proved to be a way of enhancing the objectivity of the FCD compilation process by clearly stating how to perform each step and to fully document this. Although ad hoc decisions based on compilers knowhow will still exist and be valued, the QMS includes procedures to fully document these decisions. The implementation of the QMS also enhanced cooperation among national FCDB actors (compilers, data users and stakeholders and data producers). In addition to the earlier mentioned User's Working Group, a working group on sampling and an advisory group within PortFIR were also set up to support the FCD compilation activity, particularly at the level of sampling strategies and defining database priorities. The cooperation between FCDB actors operates as a preventive measure to avoid the hazard of not reaching consensus on the data needed in the FCDB and the consequent impact on the relevance of data to be included (Westenbrink et al., 2009) . Furthermore, the availability of clearly documented procedures facilitates teaching and training of new compilers.
EuroFIR's preassessment 'pilot' auditing EuroFIR used the ISO 9001 (ISO International Standard, 2008) approach to outline the preassessment audit plan. Personnel/staff, infrastructure (IT systems and data handling), document control process, sampling, analysis, publication process and corresponding records and records control items were all assessed. The results of this audit will be published elsewhere. However, it was clear that INSA's FCDB QMS implementation according to ISO/IEC 17025 fully complied with EuroFIR's current expectations on FCDB QMS implementation among compilers.
Conclusions
ISO/IEC 17025 management requirements were confirmed to be an adequate reference for extending INSA's QMS to the national Portuguese FCDB, as they fully comply with EuroFIR's current expectations on FCDB QMS implementation by compilers. ISO/IEC 17025 (5.2) technical requirements are adequate for implementing personnel-related issues. ISO/IEC 17025 has the advantages of being well known to all members of INSA staff, and of being a quality language commonly used in laboratories that produce FCD. The approach for putting EuroFIR's quality requirements into practice is highly dependent on the FCDBMS used.
Combining quality systems and food composition activities endows the FCDB compilation process with flexibility, consistency and transparency, facilitates the training of new compilers and the monitoring and assessment of the process, providing the basis for strengthening the confidence in the FCDB among users, data producers and compilers. The implementation of the QMS may also contribute to increasing trust in FCDB among data users and stakeholders, as they have been directly involved in the FCD compilation activity.
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